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This mixed methods research examines individual perceptions of Sargassum on Grand
Cayman’s beaches in 2020 using participant mapping, and semi – structured interviews. Results
from the participant mapping are compared to satellite detection of sargassum. Sargassum poses
health risks to both humans and the natural environment. Decaying Sargassum produces sulfuric
gas and prevents young turtle hatchlings from reaching the ocean. Since 2011, Sargassum has
diffused beyond the Sargasso Sea into entirely novel locations, spanning from the west African
Coast to the Gulf of Mexico. Increased biomass has proven to be overwhelming for many
Caribbean Islands, including Grand Cayman where hundreds of tons of Sargassum was removed
from beaches in July of 2019. Understanding spatiotemporal variations in Sargassum distribution
on Grand Cayman can aid clean-up efforts, protect fragile coastal ecologies, and inform the
relevant stakeholders where Sargassum has appeared in recent years and in the past with the goal
of anticipating future trends.
The Sargassum beaching events 2020 will be investigated through a combination of
participatory mapping and remote sensing to develop a ground truthing method of Sargassum
detection using free satellite imagery in coastal environments. In addition, semi-structured
interviews will be conducted to determine spatial variations of individuals’ perceptions of
Sargassum beaching events in the recent past. Face-to-face interviews with local residents and
other stakeholders will include questions of how long Sargassum remains on the beach before
removal, what local perceptions of Sargassum management are and how Sargassum has
impacted individuals’ lives.
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CHAPTER I
INTRODUCTION
In the past nine years, freely floating Sargassum seaweed has grown and spread across the
Gulf of Mexico, Caribbean Sea and the Atlantic Ocean spanning the open ocean from Mexico to
the African coast. Sargassum provides a unique marine ecosystem in the open ocean but has a
substantial negative impact on beach quality and tourism once it makes landfall (Gower & King,
2019). Upon landfall, Sargassum begins decomposing, creating foul odors, and inhibiting public
access to the beach. With no end to the recent diffusion of Sargassum in sight, the Caribbean
Islands, including Grand Cayman will be subject to continued Sargassum beaching events
adversely affecting beach quality and tourism. The purpose of this research is to determine the
actual and perceived spatial variation of Sargassum on Grand Cayman through the use of satellite
imagery analysis, participatory mapping and semi-structured interviews, combining individual
participant knowledge with remotely sensed imagery.
The largest recorded extent of the Great Atlantic Sargassum Belt (GASB) occurred during
the summer of 2018 (Wang et al. 2019). Narrowing in on Grand Cayman, according to Caymanian
residents, the worst Sargassum beaching event occurred on Grand Cayman in April and May of
2019 (Kayo, 2019, Whittaker, 2019). The Sargassum beaching events of 2019 were investigated
with remote sensing to document specific Sargassum beaching events afflicting the island.
Participatory mapping is used to confirm or deny Sargassum in remotely sensed satellite imagery.
Remotely sensed imagery and participatory mapping each tell a very different story about
Sargassum distribution. Satellite imagery can only give a researcher a snapshot from a single
moment in time that is often influenced by cloud cover, sun glint and turbidity over the ocean and
in coastal areas. Participatory mapping engages individuals on their own perceptions about where
they have seen Sargassum, allowing for a greater timeframe and flexibility in potential detection
and can fill in the gaps found with satellite imagery. Satellite detection of Sargassum only indicates
where Sargassum was at the given moment that the satellite recorded the earth-surface reflection of
Sargassum.
Recently, Sargassum has been shown to have an annual life cycle with lower levels of wet
biomass and surface growth during December and January and a period of growth from May to
September with peak wet biomass in July (Wang et al., 2018, Gower & King, 2019). In June of
2018, Sargassum extending from west Africa to the Gulf of Mexico GASB, was estimated to
1

contain over 20 million metric tons of Sargassum (Wang et al., 2019). This annual cycle has yet to
be fully understood by scientific researchers. The greatest recorded extent of the GASB occurred
during the summer of 2018. According to Caymanian residents, the worst Sargassum event
occurred on Grand Cayman in 2019 (Whittaker, 2019; Kayo, 2019). Luckily this annual cycle
benefits Grand Cayman tourism patterns because the peak Sargassum season in the Caribbean falls
during low tourism season on Grand Cayman. The worst Sargassum beaching events during June of
2018 were only experienced by 7.6% of Grand Cayman’s nearly 2.4 million visitors (Cayman
Island Tourism Authority, 2019). Due to these patterns, many tourists will not experience the
diverse effects of the highest levels of Sargassum found during the late summer months.
Regardless of perceived impact, Grand Cayman’s nearly 50,000 residents are undoubtedly
impacted by the effects of decaying Sargassum. Sargassum poses a real threat to human health
(Resiere et al., 2018). Resiere et al. (2018) assert that after Sargassum has remained out of the
water for 48 hours the decomposing Sargassum begins to produce large amounts of toxic gasses
including hydrogen sulfide and ammonia. These noxious fumes are at toxic levels and can cause
pulmonary, neurological, and cardiovascular lesions. Furthermore, Sargassum absorbs heavy
metals as it travels through the open ocean. Davis et al. (2003) reviewed previously published
chemical studies of Sargassum. Sargassum fluitans and Sargassum natans, the two forms of pelagic
macro algae found in the Caribbean, were found to contain concentrations of cadmium, copper,
iron, nickel, lead, zinc and uranium oxide at toxic levels (Davis et al., 2003).
Since Sargassum has always been present to some degree in the Caribbean Sea and Atlantic
Ocean, the distinguishing call to action is the increasing levels of biomass through this area.
Normal levels of Sargassum prevent beach erosion, provide a habitat for young sea turtles in the
open ocean and help bring important nutrients for beach stabilization to shore (Maurer et al., 2015).
The increasing levels of Sargassum along beaches, however, are now preventing sea turtles from
reaching the ocean (Maurer et al., 2015). Essentially, Sargassum is suffocating young turtles..
Furthermore, clean-up efforts along beaches damage turtle eggs and kill young hatchlings before
they can ever have a chance to make it to the ocean.
Sargassum will inevitably continue to plague the Caribbean region into 2020 and beyond
affecting tourism, human health, and the local environment. Local governments need to be aware of
when and where Sargassum will continue to make landfall, potentially in increasing volumes, into
the foreseeable future. To date, no research has yet to be conducted that introduces a human
component into the detection of Sargassum along the shores of Caribbean Islands. Satellite imagery
2

has been proven to be useful in the detection of Sargassum, but without a ground truthing method it
is impossible to determine if the satellite imagery is truly depicting Sargassum. Furthermore,
individuals have yet to be asked about their perceptions on Sargassum, if it is a novel phenomenon,
and how it impacts their lived experience. Participatory mapping highlights real individual
perception of Sargassum and its distribution in time. In addition, semi-structured interviews are
conducted to determine spatiotemporal variations of individuals’ perceptions of the ecological and
economic effects of Sargassum beaching events. Lastly, these interviews are designed to
understand resident and foreign tourist perceptions of Sargassum impacts, management, and effects
on individual’s lives.
The purpose of this mixed methods research is to utilize a variety of tools including remote
sensing analysis and semi – structured interviews to identify perceptions and spatiotemporal
distributions of Sargassum on Grand Cayman. This research aims to identify Sargassum in Sentinel
2 MSI satellite imagery and confirm the presence of Sargassum in satellite imagery using
participatory mapping. This research also engages study participants in semi structured interviews
to learn about who cleans Sargassum from beaches, how long Sargassum remains on the beach
before removal and determine if the Sargassum beaching events post-2011 on Grand Cayman are a
novel phenomenon.
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CHAPTER II
BACKGROUND

Pelagic Sargassum macro algae (Sargassum fluitans and Sargassum natans) was observed
and mapped, floating on top of the Atlantic Ocean as early as 1814 (Humboldt, 1814). Prior to
2011, Sargassum was largely found in the central Atlantic Ocean, within the confines of the
Sargasso Sea (Gower & King, 2011). The Sargasso Sea is located between the North Atlantic
Current, the Canary Islands to the east, the North Equatorial Current to the south and the Gulf
Stream to the west (Butler & Stoner 1984). Sargassum, when found floating in the open ocean,
provides an important habitat for many different marine species (Gower & King, 2019). The
widespread distribution of pelagic macro alga Sargassum natans and Sargassum fluitans
(Sargassum) throughout the Caribbean Sea and the Gulf of Mexico is a novel phenomenon in this
region. Sargassum is pelagic, only surviving on the upper levels of the open ocean and multiplies as
it is segmented naturally by prevailing ocean currents. Large amounts of Sargassum floating on the
open ocean are referred to as “wracks” that are then broken up into smaller “mats”. Images derived
from the European Space Agency’s Medium Resolution Imaging Spectrometer (MERIS) from
2011 to 2018 show a significant increase in detections of an algal bloom with spectral reflectance
similar to Sargassum in an area off northern Brazil, well beyond the Amazon River delta.
Previously, Sargassum had only been detected in negligible amounts in this area (Wang et al. 2019,
Gower et al. 2013). With a new source region, Sargassum is now drifting farther into the Caribbean
Sea, directly impacting smaller islands such as Grand Cayman, exposing Caymanians to an entirely
new environmental challenge. In the past nine years, Sargassum has diffused beyond its usual
extent within the Atlantic Ocean, making landfall on beaches throughout the Caribbean Sea. Recent
Sargassum landfalls have impacted fishing, diving and beach tourism throughout the Caribbean Sea
and the Gulf of Mexico. A historical look at Sargassum’s presence in coastal waters suggests this
phenomenon is not new, but the increasingly large amounts of Sargassum making landfall across
Caribbean Islands, including Grand Cayman, are putting a strain on local governments, beach
resorts and fishermen, not to mention fragile ecosystems. To accurately account for Sargassum’s
presence and impacts, satellite imagery analysis combined with resident observation and impact
reports can be used to more holistically understand landfall locations and human impacts.
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History of Sargassum Detection
The first documented sightings of Sargassum occurred when Portuguese sailors with
Christopher Columbus noticed plants floating on the ocean’s surface (Dickson 1894). Alexander
von Humboldt (1814) created the first known map of Sargassum distribution within the Atlantic
Ocean in 1814 (Figure 2.1). Sargassum would have affected sailing vessels before the advent of
motorized transport. To early trans-Atlantic sailors without accurate nautical charts, the presence of
Sargassum in the open ocean would have suggested shallow waters since seaweed at the time was
only known to be found close to shore (Gower & King 2019). Maury devised blank forms in ship
logs for captains to record the exact latitude and longitude of their observations (Martin 2005).
Maury’s observations on the distribution of Sargassum in the Atlantic Ocean are pictured below in
Figure 2.1.

Figure 2.1. Extent of Sargasso Sea as recorded by Humboldt (1814) and Maury (1866).
Reproduced with permission of the Bermuda Institute of Ocean Sciences (formerly BBSR) Source:
Parr, 1939
Sargassum grows exclusively on the ocean surface where it maintains itself through gasfilled bladder floats (Parr 1939). Alfred E. Parr (1939) conducted the first comprehensive study of
Sargassum density and distribution in the Sargasso Sea between 1933 and 1935. Parr focused on
the distribution of Sargassum in the area surrounding Bermuda. By towing nets, or neuston tows,
for 24 nautical miles at different surface levels, Parr determined that there was no Sargassum below
sea surface levels and that the phenomenon was a surface level issue. Using data from his neuston
tows, Parr mapped the distribution of Sargassum in the greater Atlantic Ocean and Gulf of Mexico
in 1939 (Figure 2.2).
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Figure 2.2. Map of Sargassum distribution in the Atlantic and Gulf of Mexico in 1939 with Grand
Cayman boxed in red. Squares of increasing darkness indicate greater concentrations of wet
Sargassum biomass weighed from neuston tows. Reproduced with permission of the Bermuda
Institute of Ocean Sciences (formerly BBSR) Source: Parr, 1939

Franz Meyen (1938) was the first to develop theories on propagation methods, suggesting
that Sargassum exclusively inhabited the upper layers of the ocean and naturally divided, inducing
further growth. Parr (1939) observed Sargassum propagating from larger kilometer wide
aggregations into smaller distributions across the open ocean during the winter months from 1933
to 1935. Research scientists believe this is still the primary method of Sargassum growth and
propagation as Wang et al. (2019) observed larger wracks of Sargassum breaking up into smaller
mats through satellite imagery analyses in the winter months from 2011 to 2017. Further research
was conducted on the distribution of Sargassum from 1981 to 1983 (Butler & Stoner 1984). Butler
and Stoner indicate that there are large seasonal shifts of Sargassum abundance in the central
Atlantic region, and that there is a greater volume by weight of Sargassum during October and
November than in January through March. This variation is due to the breaking up of Sargassum
wracks into smaller and more mobile mats over the winter months. There were no significant
changes in Sargassum biomass in the Bermuda, Bahamas, or Gulf Stream regions from 1933 to
1981 based on their longitudinal studies (Butler & Stoner 1984). Butler and Stoner mapped the
presence or absence of Sargassum throughout the Atlantic and Gulf of Mexico using neuston tows
from 1977 to 1981. Results also indicate the presence of Sargassum in areas around Grand Cayman
in 1982 (Butler & Stoner 1984) (Figure 2.3).
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Figure 2.3. Map of Sargassum distribution in the Atlantic and Gulf of Mexico in 1984. Squares of
increasing darkness indicate greater concentrations of wet Sargassum biomass weighed from
neuston tows. Reproduced with permission of the Bermuda Institute of Ocean Sciences (formerly
BBSR) Source: Butler & Stoner 1984

Sargassum features that are visible by satellite appear to circulate seasonally, and
occasionally exhibit high inter-annual variation in estimated biomass and circulation patterns.
Huffard et al. (2014) sampled stations representative of the central portion of the Sargasso Sea from
Bermuda to the Bahamas over a period of three years from 2011 to 2012 and compared these
transect data to 88 historical sample datasets collected from 1966 to 1975. Results indicate that
summer sea surface temperature (SST) has increased gradually since 1969 and that the estimated
distribution and abundance of Sargassum area in the Atlantic Ocean during 2014 exceeds that of
any previous time period.
More recently, analysis of an 18-year record of satellite imagery from the Moderate
Resolution Imaging Spectroradiometer (MODIS) from 2000 to 2018 reveals recent annual growth
of Sargassum extending across the tropical Atlantic Ocean, into the Caribbean Sea and Gulf of
Mexico (Wang et al. 2019). This growth first began in 2011 off the coast from the mouth of the
Amazon River in the Atlantic Ocean. This is considerably south of the traditional Sargasso Sea.
The GASB grew from 2011 to 2018 to extend all the way from the western coast of Africa to the
Yucatán Peninsula, clearly intersecting with Grand Cayman (Figure 2.4). Ocean current models,
provided by the Rosenthal School of Marine Science and Oceanography at the University of Miami
(2013), show prevailing currents pushing the Sargassum from the Brazilian coast towards Grand
Cayman.
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Figure 2.4. The Great Atlantic Sargassum Belt, July 2011 and July 2018 Source: Wang et al., 2019

To date, there is no clear evidence as to why the GASB has made an annual reoccurrence of
such an increased extension. Rising sea surface temperatures and lower levels of salinity due to
increased discharge from the Amazon River basin have been shown to suppress Sargassum growth
(Wang et al., 2019). The current consensus is that beginning in 2009, a combination of increased
upwelling in the eastern Atlantic Ocean and increased nutrient load from the Amazon River
discharge in the western Atlantic Ocean created the conditions for the first emergence of the GASB
in 2011 (Wang et al, 2019).
Impact of Sargassum
Massive Sargassum beaching events are a new phenomenon for many residents of the
Caribbean Region. Inevitably, Sargassum will pass over coral reefs on its way to shore. Hu et al.
(2009) indicate that although Sargassum is a nuisance, it does provide a home to a unique biotic
community and can protect reefs from coral bleaching. The relationships between Sargassum and
coral reefs is complex and not fully understood. Umar et al. (1998) provide evidence about the
effects of Sargassum on coral reefs. Anthropogenic causes of increased sediment load aid in the
production of Sargassum. As coral decays, it no longer competes with Sargassum for nutrients
8

providing an environment for Sargassum to multiply and grow (Umar et al. 1998). Jompa and
McCook (2002) argue that the presence of Sargassum did not directly impact coral reefs but
prevented coral bleaching by blocking sunlight and reducing water temperatures. A multi-faceted
approach to Sargassum detection that involves local stakeholder observations, participatory
mapping, and satellite imagery is required to map and quantify the impacts that increased
Sargassum beaching events have had on Caribbean Islands, including Grand Cayman. Satellite
imagery alone can only detect where Sargassum was at a single moment. With the inclusion of
participatory mapping Sargassum can be detected over time and not just during a single moment.
The economy of many Caribbean Islands and their beachfront resorts and tourists have
increasingly felt the impact of Sargassum. Playa Hotels and Resorts, located in Mexico, Jamaica,
and the Dominican Republic fully expect that their revenue per room in areas impacted by
Sargassum macro algae blooms to decrease by single digit increments on a year-to-year basis
without any increase in the presence of Sargassum from 2018 to 2019 (Playa Hotels and Resorts,
2019). Individuals on Grand Cayman understand the anthropogenic factors influencing the recent
influx of Sargassum. Whittaker (2019), reporting for the local newspaper, the Cayman Compass
highlights how Sargassum is arriving on Grand Cayman. Whittaker reports increasing sea surface
temperatures and intense winds are causing Sargassum to make its way across the barrier reefs and
onto the beaches of Grand Cayman’s East End. On top of becoming a regional menace for tourism,
diving and fishing sectors of the Cayman Islands and the rest of the Caribbean Region, the
diffusion of Sargassum has been relentless since 2011. The foul-smelling macro algae continues to
wash up on beaches on Grand Cayman’s East End, even though prevailing ocean currents often
send Sargassum south and east of the Caymans.
As a smaller island with an area just over 75 square miles, Grand Cayman can easily
become overwhelmed by large Sargassum wracks. Throughout 2019, Sargassum directly impacted
the tourism and service sectors in Grand Cayman. With a massive influx over the Easter weekend
in 2019, government and local businesses started looking for novel solutions. Long-term solutions
to the increasing Sargassum influx include “sargassum boats” and floating Sargassum barriers
designed to prevent Sargassum from hitting the coast (Whittaker, 2019). According to Mark
Bothwell, director of Caymanian Environmental Health, the Sargassum influx as of May 2019 was
the worst that Grand Cayman had ever seen. Sargassum has even caused dive trips to be cancelled
(Levy, 2019). Over the month of July in 2019 Caymanian workers removed over 200 tons of
Sargassum (Whittaker, 2019). Over the course of 2018 Wyndham Reef Resort on East End invested
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$30,000 in Sargassum removal. By July of 2019 Wyndham Reef Resort had invested $150,000 in
Sargassum removal. Along the beaches of many resorts, Sargassum is removed with shovels and
rakes. Workers rake the Sargassum into piles, load it into trucks that are driven to either a landfill
or placed at the far end of the beach, hidden from public eye by large wooden barriers. At public
beaches, large skid steers and back hoes are used to push the Sargassum across the beach and then
loaded into a truck. Sargassum is only removed once it has left the water, and no preemptive
measures are taken to prevent Sargassum from arriving on the beach (Whittaker, 2019). Local law
on the Cayman Islands prevents the removal of any living organism from the water without proper
permits. A few weeks after 200 tons of Sargassum were removed from Grand Cayman, another
influx of Sargassum hit the island. This inundation of Sargassum disproportionately affected the
West End, causing problems for dive boats leaving and returning to their docks (Young, 2019). The
volume and impact of Sargassum is undeniable. The following section focuses on the intersection
of the literatures of remote sensing, participatory GIS, and qualitative methods to provide a
framework for the research project.
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CHAPTER III
LITERATURE REVIEW

Remote sensing technologies cannot definitively detect the presence of Sargassum along
shorelines and beaches. It is necessary to use mixed methods to document the presence and effects
of these wracks and mats. This literature review addresses four issues related to previous studies of
Sargassum with a focus on the Caribbean Sea and particularly the islands of Grand Cayman. The
first section is associated with the detection and monitoring of Sargassum using satellite imagery.
The second section addresses benefits of using public participatory GIS for the mapping of Earth
features, potentially including Sargassum. The third section explores the use of ethnographic and
quantitative methods of geographic research to study spatial phenomena. Lastly, strategies used in
beach monitoring and mitigation are discussed, followed by a conclusion that places this research
in an appropriate context.
Detection of Sargassum
Novel methods of Sargassum detection using remote sensing analysis have been developed
and implemented in recent years. Methods of Sargassum detection began in 2006 with the use of
the European Space Agency’s Medium Resolution Imaging Spectrometer (MERIS) satellite
imagery to highlight and map floating Sargassum in the Gulf of Mexico. Gower et al. (2006)
employ MERIS satellite images with spatial resolutions of 1 to 3 km, depending on distance from
satellite nadir to detect the presence of Sargassum natans and Sargassum fluitans in the Gulf of
Mexico during the summer of 2005. The MERIS maximum chlorophyll index (MCI) was computed
from the measured radiance at 709 nm using an interpolated wavelength from sensor radiances
measured between 681 and 754 nm to indicate a high surface concentration of chlorophyll in
floating vegetation. The floating algae index (FAI) calculated from MERIS data on the Envisat
satellite revealed extensive areas containing long, narrow, meandering slicks ultimately identified
as Sargassum in the northwestern Gulf of Mexico during the early summer of 2005. This sighting is
the first documented example in the literature of the use of satellite imagery in the detection of
Sargassum (Gower et al., 2006).
Hu et al. (2009) develop a streamlined and effective method for floating Sargassum
detection in the open ocean, building off the results of Gower et al. (2006). Gower and his team
developed the floating algae index (FAI) to detect Sargassum by examining the MODIS reflectance
11

at 645 nm and 1240 nm compared to the reflectance of Sargassum at 859 nm (Gower et al., 2006).
The AFAI was calculated as:
FAI = RNIR – R’NIR,
R’NIR = RRED + (RSWIR – RRED) x (λNIR – λRED)/(λSWIR + λRED)
Where RRED, RSWIR, and RRED are the Rayleigh corrected reflectance bands. Before calculating the
FAI, Hu et al (2009) corrected the images for Rayleigh molecular scattering.
RRC(λ) = Rt(λ) – Rr(λ),
Rr(λ) = πLt(λ)/(Focos(θ o)),
The land and clouds within the images are masked for greater accuracy in detection of floating
Sargassum. The Rayleigh correction is completed in lieu of full atmospheric correction to avoid
enhancing the reflectance of near infrared (NIR) and shortwave infrared (SWIR) over surface
floating features (Hu et al. 2009). The spectrum range detected by satellite sensors varies greatly
from satellite to satellite.
Wang and Hu (2016) developed the alternative floating algae index (AFAI) by
incorporating reflectance values indicating Sargassum at different energy wavelengths than the
original FAI. To accommodate for higher resolution Landsat 8 OLI imagery, the AFAI uses
wavelengths at 667 nm, 748 nm, and 869 nm detecting a peak in reflectance of Sargassum in the
open ocean.
Gower et al. (2013) identify a new source region of Sargassum at the mouth of the Amazon
River in the Atlantic Ocean off the northern coast of Brazil in 2011. Previously, Sargassum had
only been detected in small volumes in this area of the Atlantic Ocean. Sargassum was also
detected in 2011 using the maximum chlorophyll index (MCI) derived from MERIS images. Since
Sargassum cannot always be distinguished solely with satellite data due to the presence of other
types of floating macroalgae in the Atlantic Ocean, secondary visual confirmation from boats or
along the shore is required to confirm floating Sargassum deposits (Gower et al. 2013).
Wang et al. (2019) compiled an 18-year record of satellite imagery from the Moderate
Resolution Imaging Spectroradiometer (MODIS) from 2000 to 2018 to display growth of
Sargassum extending across the tropical Atlantic and into the Caribbean Sea and Gulf of Mexico
(Wang et al. 2019). Their research indicates that the increased growth first began in 2011 off the
mouth of the Amazon River in the Atlantic Ocean. Wang et al., have named this new phenomenon
the GASB There is no clear evidence as to why the GASB has made an annual reoccurrence. Rising
sea surface temperatures and lower levels of salinity due to increased discharge from the Amazon
12

River basin have been shown to suppress Sargassum growth (Wang et al., 2019). The current
consensus is that beginning in 2009, a combination of increased upwelling in the eastern Atlantic
and increased nutrient load from the Amazon River discharge in the western Atlantic created the
conditions for the first emergence of the GASB in 2011 (Wang et al, 2019).
Ansper and Alikas (2018) studied the suitability of using the Sentinel 2 MSI to monitor the
water quality and chlorophyll concentration of inland lakes in Estonia. Their study showed that
Sentinel 2 MSI was suitable for estimating the spatiotemporal variation of chlorophyll α
concentration in Estonian lakes. Researchers found that detection and monitoring of chlorophyll α
in smaller water bodies was not as effective due to the influence of surrounding land on
atmospheric corrections (Ansper & Alikas, 2019). Analysis of the spatio-temporal variations of
chlorophyll α using the Sentinel 2 MSI was possible in only some cases and was effective at
providing complementary information to in-situ data. Of the various methods used in the detection
of chlorophyll α in Estonian Lakes the Case 2 Regional CoastColour processor (CR2CC) was the
most effective.
The CR2CC was developed for the European Space Agency by Brockmann Consulting
Group based in Hamburg, Germany. The CR2CC uses neural network technology to output results
of water leaving reflectance, total surface floating material and chlorophyll α concentrations
(Brockmann et al., 2016). Ansper and Alikas (2019) chose the CR2CC over other detection
algorithms based on the best coefficient of determination and root-mean-square difference. Of the
Sentinel 2 MSI bands that were tested for the detection of chlorophyll α, band 5 at 705 nm proved
to be the most effective (Ansper & Alikas, 2019).
Ody et al. (2019) used a combination of Sentinel 2-MSI 10m, Sentinel 3 OCLI 300m,
VIIRS 750m and MODIS 1km pixel imagery and ship dock observations to detect Sargassum in the
open ocean. Ground-truthing of satellite imagery was limited due to the cloud cover during the
ship’s observation period. MODIS and VIIRS were the satellites that most effectively detected
Sargassum in the open ocean while MSI and OCLI allowed researchers to observe Sargassum
aggregation patterns in satellite imagery in costal environments. Ody et al. (2019) modified the
alternative floating algae index developed by Hu et al., 2009 to create the MSI – Modified Floating
Algae index or (MFAI). The MFAI uses bands 4, 8 and 9 to show Sargassum with greater accuracy
and visibility than the AFAI (Ody et al., 2019).
As time has progressed, the spatial resolution and accuracy of detection for the presence or
absence of Sargassum has dramatically improved. However, without ground truthing, there is
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currently no method of accurately detecting Sargassum in the open ocean. Research on the satellite
detection of Sargassum has focused on large scale studies that focus on detecting large Sargassum
aggregations in the open ocean. To date, there has been no research on the detection of Sargassum
in coastal areas. Table 3.1 shows studies of Sargassum detection in the open oceans using satellite
imagery.
Table 3.1. Methods of Sargassum detection using satellite imagery. Over time detection has
increased in scope and decreased in spatial resolution.
Authors

Location

Method

Satellite

Pixel
sized (n2)

Wavelength
(nm)

Time
frame

Sargassum
Gower J et
al. (2006)

Gulf of
Mexico

Maximum
Chlorophyll MERIS
Index MCI

1 to 3 km

709, 681,
754

2005

Gower J et
al. (2013)

North of
Brazil and
Amazon
River
basin

MCI

MERIS

1.2km

700, 681,
709

2011

Hu, Wang
(2016)

Central
West
Atlantic

Alternative
Floating
Algae
Index
(AFAI)

MODIS

1 km

667, 748,
869

2000 2015

Marechal
et al.
(2016)

Lesser
Antilles

AFAI

MODIS

1km

667, 748,
869

Wang et
al. (2019)

Greater
Atlantic

AFAI

MODIS

500m

667, 748,
868

MFAI

MODIS,
VIIRS,
Sentinel
OCLI,
Sentinel
MSI

1km,
750m,
300m,
10m

665, 833,
940 (for
MSI)

Ody et al.
(2019)

Greater
Atlantic

Jan to Dec
2011
compared
to Jan to
Dec 2015
July 2011
to July
2017

2017

Public Participatory GIS (PPGIS)
Increased reliability and validity of Sargassum detection can be achieved through the use of
a mixed methods research approach. Combining interviewing techniques and GIS methods can
potentially enhance the meaning and significance of place by introducing a human component into
satellite imagery. PPGIS, developed during the late 1990s, can elevate the awareness of social
issues affecting groups of people who are subjects of geographic research. Incorporating local
participation and knowledge into qualitative GIS inquiry allows researchers to better understand the
meanings that local populations assign to their local landscapes, reflecting varying social, economic
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and environmental conditions. PPGIS is effectively used in engaging public participation to map
spatial features of many types. Combining qualitative and quantitative methods in geographic
research allows for the creation of an enhanced understanding between the researcher and study
participants (Matthews et al., 2005). By combining semi structured interviews and GIS methods,
researchers can confirm conclusions derived from quantitative methods through the collection of
perceptions from people who have experiences the event of phenomenon. One such use of
interviews was employed by Matthews et al. (2005) to study low-income families and their access
to food, housing and transportation. Their study interviewed 215 different families, of which 45
were families with a child 8 years of age or younger with a disability. Interviews with the heads of
household and field observations were transcribed and coded by geographic location over a period
of 24 months. Matthews et al. (2005) geo-coded interview data collected allowing researchers to
visualize relationships between interview-based data and geospatial data, identifying information
regarding disability resource access barriers that would have otherwise gone unnoticed.
In 2009, a PPGIS website was developed for understanding the strengths and limitations of
using PPGIS for the development of a new national park management plan in the Greater Alpine
region of Victoria, Australia (Brown & Weber 2011). To facilitate interaction with the PPGIS
website, sampling was conducted using face-to-face interactions with park visitors by distributing
summaries of the PPGIS website using convenience sampling at key access points to the national
parks. To increase the sample size, the Parks Victoria staff were asked to participate in the PPGIS
website and researchers advertised the PPGIS on the Victoria National Parks website, local radio
stations, and flyers throughout the park. Participants engaged with an internet based PPGIS website
for data collection. Results include 351 responses at a greater than 50% response rate
demonstrating the ease of use of the PPGIS website while providing essential descriptive
information about the distribution of visitor experiences and perceived environmental impacts
within the park.
PPGIS is most effective in coral reef assessment and monitoring when participants are welleducated local experts in the field. Loerzel et al. (2016) sampled professional SCUBA divers, of
whom 64.3% had bachelor’s degrees and an average of 8 years diving in the study area. A Google
maps interface was created of the U.S. Virgin Islands to determine if participatory mapping of reef
conditions by occupational divers could prove useful in describing reef health conditions. To aid in
professional diver’s spatial orientation, boundaries of marine protected areas, a predicted reef layer
and 10m depth contours were included in the digital map at three different geographic scales. Using
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a chain referral method of inquiry with study participants contacting other divers, a sample of 87
out of 135 identified divers was used to identify reef characteristics and features.
Ethnographic and Quantitative Methods of Geographic Research
Surveys, another data collection method using carefully constructed reliable measures, are also
used to confirm hypotheses developed from applied geography methods. Analysis was conducted
on two case studies that portray the benefits of these mixed methods. The first study focused on
thirty working poor individuals in Columbus, Ohio and how the residents determined where to live
based on where they worked and what transportation routes were available in their city
(Boschmann & Cubbon 2014). The second case study interviewed six LGBTQ individuals in St.
Louis, Missouri, to determine where they felt safe in their city. Sketch maps represented a
promising data collection methodology. In a project by Boschmann and Cubbon (2014), reported
that participants in each study were able to create a two-foot by three-foot map of their city with
pencil to provide where they lived, worked and where they felt safe. These sketch maps allowed the
researchers to build rapport within the interviewees and create a medium of communication
between the researcher and the subjects, increasing the reliability of the data.
Building relationships between the researcher and participants during qualitative research
allows for a greater level of communication between each participant and the researcher. Sullivan
et al. (2015) created three foot by four-foot maps for interviews using GIS data depicting the low
water line along the Oregon coast. The range of the map extended 200 nautical miles from shore
and to optimize respondent reference points, the maps included cables, dredged material dumping
areas, military training areas, and coordinates of dive sites. This relevant stakeholder information
was overlaid on nautical charts to increase understanding and to allow interviewees, when
comfortable, to record their understanding of their community's use of ocean areas. To facilitate an
understanding of the area’s ocean space and characteristics, research was then conducted by way of
six focus groups in conjunction with 200 semi-structured interviews of ocean space stakeholders
gathered through snowball sampling. Respondents worked together in focus groups to draw
relevant information onto the maps created by the researchers. A total of 222 maps were created by
respondents that were then georeferenced and displayed to indicate overlapping categories of ocean
space use. Discussion among numerous stakeholders is necessary to begin any type of marine
spatial planning in order to display both varied ranges of use and potential areas of competition or
contention. Although analog mapping is useful, digital mapping technologies may decrease error
while acting as a faster and more economical method of data collection.
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In a 2013 study using 16 in-depth interviews in Geneva, Switzerland, Schoepfer and Rogers
(2014) found that the use of a tablet-enhanced communication between the researcher and the
interviewee facilitated discussion about the definition of neighborhood, and specifically how the
concept of neighborhood has different meanings for different people. An ArcGIS mobile web
application was used for creating maps, and feature classes displayed on a tablet were customized
for Geneva, Switzerland, allowing interviewees to zoom in and out while labeling and organizing
their thoughts and ideas about the distribution of different experiences within their city. The
method used in the study is ineffective for individuals who are uncomfortable using a tablet, or for
individuals who are less geographically literate. Thus, the literature supports the contention that it is
important to construct qualitative methods that optimize the skills and technological comfort levels
of the human subjects involved. In the interest of identifying variations in Sargassum’s
spatiotemporal arrival times, qualities and locations, these mixed methods should be considered.
Combinations of interviews and geospatial technologies can mitigate the unequal power
relationships between researcher and participants. In working with indigenous communities rife
with power struggles, PPGIS can aid in local communities finding control over their lives and their
land. Tuck and Yang (2012) describe how land is the foundation of wealth in the United States.
Grand Cayman is also a source of great wealth for the island’s residents. Settler colonialism is the
consistent and unending invasion and occupation of native lands, which continuously diminishes
the physical health, and mental well-being of indigenous peoples (Tuck & Yang 2012). For
research to be effective in a community, a researcher must acknowledge the effects settler
colonialism has wrought on the land and aid in the systematic repatriation of indigenous life (Tuck
& Yang 2012). Understanding the social and economic impact of Sargassum on the various diverse
groups across the island and creating the tools to identify these perceptions will be key to the
success of this study. Developing the trust of interviewees will be key to increasing the reliability
and validity of data gathered.
Beach Monitoring and Pollution Mitigation
The final body of literature to consider discusses methods employed in studies across the
globe regarding clean beaches and mitigation of beach debris. As Sargassum ends its journey
across the ocean and piles onto Caribbean beaches, such mitigation issues are relevant to the study
of the impact of Sargassum on the beaches of Grand Cayman. The benefits of a clean beach are
undeniable, almost half of the people surveyed from the Cape Metropolitan region of South Africa
indicated a willingness to spend more than seven times the average trip cost to visit clean, versus
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dirty, beaches in that region. Ballancea et al. (2000) used a survey that utilized one-on-one
interviews to gauge varying attitudes among 1,000 visitors to beaches in the study area on the
South African coast. Interviews were conducted randomly with respect to age, gender, nationality,
and beach activity of the respondent to minimize bias to certain user groups and to represent the
population of both tourists and South African residents. Questionnaires were designed to establish
the number of visits to a particular site, the cost of the trip, and respondents' opinions towards the
standards of cleanliness of the beaches.
Geospatial technologies can prove useful in studies directed at the mitigation of beach
pollution or degradation. Koko et al. (2012) established useful methods for identifying and
distinguishing marine beach litter from other non-litter objects using a remote-controlled digital
camera attached to a balloon filled with helium gas to take pictures from 500m and 150m altitudes.
Images collected were geo-referenced and the color difference among pixels was compared using
the International Commission on Illumination's 1976 color space (CIELUV Color Space). Results
indicated that greater color differences were indicative of pixels that were classified as debris or
land.
The Plastic Litter Project 2018 was conducted on the Aegean Sea to explore if it was
possible to refine satellite imagery using an unmanned aerial system (UAS) to better detect masses
of ocean plastics. Topouzelis et al. (2019) conducted a controlled experiment along the Tsamakia
Beach in Lesvos, Greece by creating three 10m by 10m plastic targets consisting of polyethylene
terephthalate water bottles, low-density polyethylene bags, and yellow nylon fishing nets. The team
flew over the targets using a S900 DJI Quadcoptor equipped with a Slantrange 3P imager at a 4.84
cm2 resolution to collect georectified images using ground control points and compared these
images with Sentinel 2A images at a 10m2 resolution collected from the Copernicus Open Access
Hub.
Sargassum has been detected using a broad range of methods amidst increasing frequency of
Sargassum development in the Atlantic and Gulf of Mexico in recent years. Research using
Satellite imagery can attempt to detect Sargassum, but without ground-truthing detection is often
inaccurate. Novel methods are required that determine the presence or absence of Sargassum along
the shores of Grand Cayman. Participatory mapping, incorporating pre-existing spatial knowledge,
allows research participants to self-identify important elements of their environmental landscape,
including the distribution of coral reefs, and ultimately Sargassum invasions. The use of geospatial
technologies for beach surveys of plastic debris can also be applied to the detection of Sargassum.
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Integrating PPGIS with remote sensing provides a multi-faceted approach to Sargassum detection
that can confirm or deny presence of Sargassum in remotely sensed imagery. With added inquiry
through semi-structured interviews, the overall history of Sargassum along the beaches of Grand
Cayman can be studied that potentially can improve on results based solely on satellite imagery
analyses. A varied mixed methods approach is required to determine how to effectively manage
Sargassum. On one hand, Sargassum is a beneficial marine habitat. On the other hand, Sargassum
is ultimately an environmental and economic nuisance that is here to stay. The next section of this
thesis will build upon these previous research efforts and discuss the methods of data collection and
analysis.
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CHAPTER IV
METHODOLOGY

A central premise of this research is that the use of satellite imagery in the detection of
Sargassum is limited and can be one dimensional without a human component. Introducing the
human factor into detection and verification of satellite imagery ensures the accuracy of the
remotely sensed data. With the added feature of semi–structured interviews, participants’
perceptions on how Sargassum has impacted their lives can be gathered and mapped to determine
spatial variations in ocean space use and presence of Sargassum along Grand Cayman’s beaches to
provide a more complete picture of this complex problem. Due to the impact of the COVID–19
pandemic, research in Grand Cayman could only be conducted from February 29 to March 7, 2020,
resulting in only one single, cloud-free satellite image. The island of Grand Cayman announced that
all incoming international travel was suspended on March 16, 2020, sending the whole island into a
24-hour lockdown (Whittaker et al., 2020). Thousands of workers in the hospitality industry lost
their jobs and were pressed to find flights to expatriate to their home countries (Ragoonath, 2020).
Over the next 12 months, Grand Cayman lost their primary source of revenue, tourism. The
Government began operating on a $25 million dollar deficit throughout the course of the pandemic
(Whittaker, 2020). Travel is still banned for individuals who do not have a primary residence on the
island (Whittaker, 2020). The Covid-19 pandemic effectively rendered all potential qualitative data
collection impossible. All the contacts interviewed were forced to return to their country of origin
or lost their jobs entirely. To continue with data collection virtually would have been exploitative of
a community that was suffering from the impacts of the pandemic. The original pre-COVID-19
methodology also included sampling to be conducted in July 2020 to gauge any seasonal variations
and impacts, which also did not occur.
Study Area
This study is located on the Cayman Islands, a British Overseas Territory located in the
center of the Caribbean Sea, approximately 90 miles south of Cuba. The Cayman Islands are
composed of one large island, Grand Cayman, and two smaller islands Cayman Brac and Little
Cayman. This study is located exclusively on Grand Cayman, the host of a majority of the 59,613
individuals that reside within the Cayman Islands. Tourism is the primary economic driver,
accounting for 70% of the country’s gross domestic product of 2.25 billion USD (CIA World
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Factbook, 2019). Most of Grand Cayman’s 2.1 million annual tourists come from the United States,
many of which arrive to the island via cruise ships (CIA, 2019). Grand Cayman is home to 26
public beaches, the main driver of Grand Cayman’s extensive tourism industry (CIA, Cayman
Island Tourism Association, 2019). Due to the importance of Grand Cayman’s beaches, the various
occupations on Grand Cayman are associated with the relationship of humans and the water.
Beachfront restaurants, resorts, and dive shops employ Caymanians and foreign workers alike to
drive Grand Cayman’s powerful tourism industry.
Satellite Image Analyses and Sargassum Detection Component
This study focuses on the presence of Sargassum in satellite imagery from the European
Space Agency’s (ESA) Sentinel 2 MSI satellite. Images were downloaded from the ESA
Copernicus satellite data hub and processed using the ESA SNAP sen2cor software (Louis et al.
2016). The Sentinel 2 MSI satellite provides high resolution 10m satellite imagery every five days.
The high resolution of the Sentinel 2 MSI satellite allows for increased accuracy in the detection of
Sargassum. Sargassum provides a strong red-edge signal, at 709nm (Gower & King, 2006). Bands
4, 8 and 9 can be used in the detection of Sargassum using the modified alternative floating algae
index (MFAI) (Ody et al., 2019) (Table 4.1). Images were also analyzed using Brockmann Consult
CR2CC processor (Brockmann, 2019). The CR2CC processor uses a system of neural networks to
identify the presence of chlorophyll α and suspended matter in water in coastal areas. The CR2CC
displays chlorophyll α in mg/m3 and dry weight of total suspended matter in g/m3 (Brockmann,
2019). To ensure greater accuracy, images with less than 10% cloud coverage from the 2020
Sargassum season were collected for analysis.
Table 4.1 Sentinel 2 MSI spectral bands used for detection of Sargassum. Bands are derived from
the MFAI developed by Ody et al. (2019) using Sentinel 2 MSI imagery

Band

Spectral
Region

Central
Wavelength
(nm)

4

Red

665

30

10

740

15

10

865

20

60

6
8A

Near
Infrared
Water
Vapor

Band Width
(nm)

Resolution
(m)

Qualitative Perception Component
Western Michigan University HSIRB approved the research protocol for project number
20-01-39. Caymanian residents over the age of 18 who can read and write English were included in
the study. Tourists who have spent time on Grand Cayman in 2020 and have traveled to Grand
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Cayman prior to 2020 were also sampled and included in the study. Face-to-face interviews are the
most flexible of survey strategies, result in meaningful answers and generate higher rates of
response (McLafferty, 2016). Conducting PPGIS research allowed for investigation of Sargassum
and its distribution on Grand Cayman with individuals who have lived experiences with Sargassum
(Clifford, 2016). With the absence of a human component in remote sensing techniques, the PPGIS
methods introduce this into the verification of remotely sensed imagery. The use of open-ended
semi-structured interviews allowed research participants to discuss their lived experiences
regarding Sargassum.
Study participants were recruited in person through convenience sampling of local dive
shops, international dive travel leaders, interactions with workers at beachfront restaurants, and
discussions with employees of beachfront resorts. Snowball sampling was used to collect a sample
of 31 tourists and residents while research was conducted from February 29 to March 7, 2020.
Participants were informed of the study’s goals and processes before they read the anonymous
consent form and asked to participate in the study (Appendix D). All information collected was
coded anonymously to prevent any and all risks to the participants. Although direct quotes are
included in the analysis, no attribution to a specific participant was noted.
The researcher designed a map of Grand Cayman with its reefs, major points of interests
and coastal hamlets to provide study participants an opportunity to demonstrate their knowledge of
Grand Cayman’s geography (Figure 4.1). The map of Grand Cayman was used to assist participants
with spatial orientation for the entirety of the interview to ensure reliability and validity of spatial
reporting. A blank map was given to participants to draw in the approximate locations where they
had seen Sargassum in 2020 using a blue pen so their drawn locations were easy to see.

Figure 4.1. Survey Instrument used during semi-structured interviews. A map of Grand Cayman
with the five districts, major towns, tourist locations and coral reefs.
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The term Sargassum is not well known by locals on Grand Cayman or tourists. Instead, the
questionnaire refers to Sargassum as brown seaweed, the common term used for Sargassum on
Grand Cayman (Appendix A). The survey gauged participants’ opinions on various aspects of the
impacts of Sargassum. All participants were asked the first year they saw the brown seaweed, the
worst year to date for brown seaweed and if they had ever seen the brown seaweed before 2010.
Participants were also surveyed on a five-point Likert scale to determine if they believed
Sargassum to be a problem for scuba diving, fishing, beach access, restaurants, or tourism.
Participants were also surveyed on a five-point Likert scale if they believe that Sargassum has
negatively impacted their lives.
Survey participants were asked about how the recent influx of Sargassum has impacted their
lives, how long it remains on the beach before clean-up, who cleans the seaweed from the beach,
and if they know where the seaweed goes after removal. Open-ended follow up questions in a semistructured interview format gave participants who have seen Sargassum before 2011 the
opportunity to discuss if Sargassum was a novel problem on Grand Cayman, who cleans Sargassum
from the beaches and where Sargassum is disposed. Demographic information on age, gender,
occupation, education and tourist status was also collected to determine if there are differing ideas
on Sargassum distribution. All data was collected on a scale from one to five indicating if study
participants strongly agree or disagree with a given statement. These questions led to conversations
about the recent increase in the presence of Sargassum on Grand Cayman by conducting a semistructured interview. After study participants completed their questionnaire and participatory
mapping activity, they were asked if they have any stories about Sargassum and if they believed
there is any information that the study may have missed.

Analysis
Participant maps were scanned individually into ArcPro and georeferenced. Georeferencing
was completed using the lines of latitude and longitude on the participant map. The participant
markings were then traced to create individual polygons for each study participant. Polygons were
then overlaid onto a single map in vector format to determine the intersections between all
polygons marked by participants. The participant maps were compared to both the MFAI and
CR2CC results to determine if the methods of satellite detection are valid.
For survey data, Kruskal-Willis was used to determine if there were differences in means in
participant responses regarding whether Sargassum poses a problem for diving, fishing, beach
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access, tourism and the coral reefs. A Tukey’s post hoc test were used to determine where the
differences lie in between the five districts across Grand Cayman. It is possible that with small
sample sizes type-II errors were present. Descriptive statistics were also used to determine the
efficacy of the sample and the differences between sample demographic groups.
Due to the COVID-19 pandemic, only a single image with less than 10% cloud cover was
collected within a 10-day interval surrounding February 28 and March 7, 2020. This image was
imported into the European Space Agency’s image processing software called SNAP. The image
was atmospherically corrected and resampled to a 10m spatial resolution. The resampled image was
corrected for sun glint, clouds, land, white caps, presence of coral and top of atmosphere Rayleigh
reflectance using the sen2cor processing tool in SNAP (Wang et al., 2016; Ody et al., 2019). The
corrected and masked image were then used to calculate the AFAI (Wang et al., 2016). The AFAI
was calculated in SNAP with a 95% confidence interval for the presence of a red edge reflectance
in coastal waters using band algebra in the SNAP software. A color palate was applied that
demonstrates where increasing red levels indicate the presence of Sargassum. The CR2CC
processor included in SNAP software was also used in the detection of Sargassum (Brockmann,
2019). The CR2CC images were given their default color palate that show the presence of
chlorophyll α and suspended matter in coastal areas. The processed satellite images were compared
to an overlay of all participant maps regarding participant identification of Sargassum on Grand
Cayman in 2020. The comparison between areas identified as Sargassum in satellite imagery and
areas that residents and tourists on Grand Cayman report presence of Sargassum can determine if
methods of satellite Sargassum detection were valid. This study combined remote sensing and
qualitative methods to identify Sargassum beaching events while also examining their impacts on
people and life in Grand Cayman. The next section of this thesis discusses the results derived from
this multimethod research project, highlighting results from satellite imagery analysis, participatory
mapping, semi-structured interviews and limitations of the study.
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CHAPTER V
RESULTS AND DISCUSSION

The purpose of this research was to identify Sargassum in Sentinel 2 MSI satellite imagery
and confirm the presence of Sargassum in satellite imagery using participatory mapping. This
research also engaged study participants in semi-structured interviews to learn about who cleans
Sargassum from the beaches, how long Sargassum remains on the beach before removal and
determine if Sargassum beaching events post-2011 on Grand Cayman are a novel phenomenon.
The results section first discusses results from satellite imagery analysis of Grand Cayman. The
second section highlights results from the participatory mapping activity. Lastly, the final section
discusses results from the semi-structured interviews and their significance.
On site survey was conducted from February 28 to March 7, 2020. Potential study
participants were contacted on the East End of Grand Cayman using snowball sampling. In total
there were 31 respondents. Of these respondents, 10 were tourists and 21 were residents of Grand
Cayman. Of the residents of Grand Cayman, there were numerous occupations and varying
professions that spanned across multiple industries. Four participants reported that they worked as
beach cleaners, three participants reported that they were beachfront restaurant owners, one
respondent reported that they were the head concierge, two participants worked in housekeeping,
one was a local artist, while another participant worked in maintenance and was interviewed with
the director of operations for a beachfront resort. Three professional divers also participated, along
with a resort director and three beachfront bartenders. Participants ranged in age from 19 to 78 and
ten identified as female while 21 identified as male. Seventy-seven percent of the respondents were
college degree holders. Of the participants surveyed, 16 were from East End, two were from North
Side, eight were from Bodden Town, one was from George Town and four were from West Bay.
This research employed a multimethod approach that integrates individual knowledge and
spatial perceptions with satellite imagery. Satellite imagery analysis led to differing results. The
MFAI, drawn from Ody et al. (2019) showed to be heavily influenced by turbidity, cloud cover,
shadows, and shallow vegetation below the ocean surface. The researcher visited areas of high
MFAI values 10 days after the image was collected and did not identify any Sargassum, only
healthy coral reefs and dense seaweed. The CR2CC processor, developed by Brockmann Consult,
showed values of total suspended matter as well as chlorophyll concentrations. The algorithms and
neural networks are capable of discerning turbid water and shadows from seaweed and other
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oceanographic materials. Both the concentration of chlorophyll and concentration of total
suspended matter did not identify any large amounts of Sargassum on Grand Cayman. This finding
is consistent with field observations conducted by the researcher as well as evidence from Wang et
al. (2019) and Gower et al. (2019) who define the Sargassum season as beginning in April, peaking
in July, and tapering off by December.
Satellite Imagery Analysis
Satellite images were selected in a 10-day window of the arrival of the researcher. This
timing was necessary because many satellite images are subject to cloud cover and so that there
could be ground-truthing of potential Sargassum areas over the course of the research. Due to the
impact of the COVID–19 pandemic, research could only be conducted for one sample period from
February 29 to March 7, 2020. Only one single, cloud-free satellite image within a 10-day window
of the researcher’s arrival was available. The Sentinel 2-MSI instrument collects images every 5
days over the study site. This single image was collected by the Sentinel 2-MSI on February 20,
2020 and can be seen below in Figure 5.1.

Figure 5.1 Satellite image of Grand Cayman on 2/20/2020. Source: Copernicus World Access Hub
(2020)

The image was analyzed first for the modified floating algae index (MFAI) as defined by
Ody et al. (2019). The MFAI uses bands four, eight and nine to show Sargassum with greater
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accuracy and visibility than other floating algae indices (Ody et al., 2019). The MFAI detects for
the presence of Sargassum at its spectral peak of 709 nm, and ranges in value from 0 to 0.1 with 0.1
indicating a suspected presence of Sargassum (Ody et al. 2019). The MFAI is displayed with color
values changing from blue to red to indicate a potential increase in Sargassum. The mask derived
from the imagery is shown on the map in black. It is noted that some of the pixels surrounding the
clouds were not included in the mask and influenced the MFAI values. The MFAI image can be
seen below in Figure 5.2. As seen in the image below, there are no identifiable areas of surface
algae, only areas with coral reefs and kelp fields. The areas in yellow on the eastern edge of Grand
Cayman represent a shallow coral reef. The area in the Southern edge of Grand Cayman, depicted
in yellow, is representative of cloud shadow. Lastly, the area surrounding the northwestern part of
Grand Cayman is a large and dense kelp field, not Sargassum.

Figure 5.2. MFAI values observed on 2/20/2020. Clouds and land are masked in black. Source:
Copernicus World Access Hub (2020)

Images were also analyzed using Brockmann Consult CR2CC processor (Brockmann,
2019). The CR2CC processor uses a system of neural networks to identify the presence of
chlorophyll α and suspended matter in water in coastal areas. The CR2CC displays chlorophyll α in
mg / m3 and dry weight of total suspended matter in g / m3 (Brockmann, 2019). Results for the
chlorophyll concentrations are shown below in Figure 5.3. There were no areas of Sargassum
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identified in the map. The northwest point of the island shows some higher values for chlorophyll
that are representative of a large area of kelp noted by the researcher when visiting the island on
March 1, 2020. Results for total suspended matter are shown below in Figure 5.4. There was no
Sargassum found on the map, only the coral reefs on the East End of Grand Cayman and the kelp
fields found on the Northwest point of the island. There are two retaining ponds in the central part
of the island that show increased values of total suspended matter.

Figure 5.3. Chlorophyll Concentration as observed on 2/20/2020. Units are shown in mg/m3.
Clouds and land are masked in black. Source: Copernicus World Access Hub (2020)
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Figure 5.4. Concentration of total suspended matter as observed on 2/20/2020. Units are shown in
mg/m3. Clouds and land are masked in black. Source: Copernicus World Access Hub (2020)

Participatory Mapping
Participants did not reinforce the evidence from satellite imagery with their participant
maps. Only 18 individuals completed the mapping activity and had varying ideas of how they
should mark for the presence of Sargassum. There were only two areas, both on East End that had
more than five respondents mark the same area. Furthermore, individuals might not have
understood the researcher directions to mark only for Sargassum thus far in 2020. When postpandemic travel is permitted, further research is required on Grand Cayman to determine
seasonality, and whether East End is most adversely affected. According to Whittaker (2019),
reporter for the Cayman Compass, the East End is the hardest impacted by Sargassum rafts due to
both its location and its large barrier reef trapping the Sargassum within. One participant, a resort
director and East End resident for over 30 years noted that the East End has always had Sargassum,
but never to the point where it affected any resorts, until recent years.
All study participants were asked to draw on a map where they had most recently seen
Sargassum so far in 2020. Eighteen participants stated that they had seen Sargassum and chose to
draw on a map of Grand Cayman. Thirteen participants chose not to draw on the participant map.
Results from the participatory mapping activity are shown below in Figure 5.5. Areas with the most
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responses are found on the East End of the Island, where most of the surveying took place. Results
are shown in increasing values of red indicating agreement between participant responses as to
where they saw Sargassum. These results contradict the satellite imagery with areas of the most
agreement between participants found on the East End of the Island. This was due to the fact that
research was conducted primarily on the East End with individuals who had a working relationship
with the water, increasing their chances of seeing Sargassum. Participatory mapping contradicts the
satellite imagery because the satellite image was only from a single date, February 20, 2020, only
allowing for a small snapshot of time to detect the presence of Sargassum in the waters around
Grand Cayman.

Figure 5.5. Results from the participatory mapping activity shown as increasing values of red. Only
18 participants completed the mapping activity. Most responses were concentrated towards the East
End. Areas with the highest values were also found on the East End.
Semi-Structured Interviews
Semi-structured interviews were also conducted to determine study participant perceptions
of Sargassum on Grand Cayman. These semi-structured interviews gauged participants’ opinions
on various aspects regarding the impacts of Sargassum on Grand Cayman
All participants were asked the first year they saw the Sargassum on Grand Cayman.
Results showed that of all participants, three recollected that they had seen Sargassum prior to
2010, in the year 2008. To identify which specific year was the worst for Sargassum beaching
events, participants were asked what they believed to be the worst year to date for Sargassum
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beaching events as seen in Figure 5.6. Two respondents indicated that they did not remember
seeing Sargassum on Grand Cayman. Results indicate that 27 of the 31 responses believed that the
2018 and 2019 Sargassum seasons were the worst in memory. To account for the fact that study
participants might not remember the exact first year they saw Sargassum, study participants were
asked if they had ever seen Sargassum before 2010. When asked if they had ever seen it before
2010, 35 percent of respondents stated that, yes, they had seen it before 2010. Of these respondents,
two remembered playing with Sargassum when they were young children growing up in Bodden
Town well before 2010. Further research is necessary using larger sample sizes across the island to
determine statistical significance. This insight reinforces the fact that Sargassum has been present
on Grand Cayman well before the significant beaching events that began in 2011.

What year has had the most seaweed
washing up on the beaches?
12
10

10

10
8

7

6

4
2
2

1

1

2016

2017

0
0

2018

2019

2018 - 2019

Figure 5.6. Participant responses regarding the year they believed to have seen the most seaweed on
the beaches.

The questionnaire also asked a series of five-point Likert scale questions to gauge
participants’ perceptions about the effects of Sargassum on their daily lives on Grand Cayman.
Participants were surveyed if they agreed or disagreed with the statement that Sargassum was a
problem for 6 key industries on Grand Cayman. Participants were asked if they believed Sargassum
was a problem for: coral reefs, tourism, restaurants, beach access, fishing, and scuba diving (Figure
5.6). The coral reefs on Grand Cayman are some of the healthiest in the Caribbean and serve as an
economic driver in bringing scuba divers to the island. Participants found no consensus in
agreement for coral reefs or scuba diving. Most participants agreed that Sargassum was a problem
for tourism (90%), restaurants (87%), beach access (93%), and fishing (55%). Tourism serves as an
important economic driver for the island and any detrimental effects of Sargassum could prove
cumbersome for the local economy. Grand Cayman relies on the beauty of their beaches to sustain
tourism and bring money to the restaurants and local resorts. There are likely environmental
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impacts as well but are beyond the scope of this research. Fishing is also a source of income for
many locals on the island. Sargassum management is important in not only sustaining tourism, but
also the local fishing economy.

Figure 5.7. Participant responses regarding their perceptions on whether they agreed or disagreed
with Sargassum being a problem for coral reefs, tourism, restaurants, beach access, fishing or
diving.

Participants were also surveyed on a five-point Likert scale if they believe that Sargassum
has negatively impacted their lives as seen in Figure 5.7. There was no clear consensus as to
whether Sargassum negatively impacted participant’s lives. Of the participants, 45% agreed that it
negatively impacted their lives, 16% had no opinion while 39% did not believe that Sargassum
negatively impacted their lives. The individuals who saw no impact were often bartenders at resorts
wherein the Sargassum was removed long before they ever made it to work for their bartending
shifts. These results indicate that a plurality of research participants in Grand Cayman generally
believed the presence of Sargassum in the waters surrounding the island and along its shores
created negative impacts.
Participants were also asked about their knowledge of Sargassum removal and beach cleanup. All participants were asked how long they believed Sargassum remained on beaches before it
was cleaned up. Participants were asked if it took less than 24 hours, 24 to 48 hours, or more than
48 hours for the beaches to be clear of Sargassum. Results showed that 68% of study participants
believed that Sargassum took more than 48 hours to be removed from the beaches (Figure 5.9).
This evidence is important in noting due to the adverse physical and environmental effects posed
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by Sargassum. These responses suggested that the Cayman Government should increase efforts to
assist local businesses in combating Sargassum, as well as protecting the beach cleaners from
potential environmental impacts sustained during removal. Each beachfront restaurant owner
complained about how the government would not let them remove the Sargassum directly from the
water but forced them to wait for the Sargassum to come on shore before removal. Sargassum
remains in the water, decomposing, and negatively affecting businesses on the East End with the
smell and noxious fumes that are hazardous to humans.

THE BROWN SEAWEED HAS NEGATIVELY
IMPACTED MY LIFE
Strongly Disagree

IMPACT

32%

Disagree

6%

Neutral

16%

Agree

Strongly Agree

19%

26%

Figure 5.8. Participant perceptions of how Sargassum negatively impacts their lives.

How long does the brown seaweed remain
on the beaches before it is cleaned up?
80%
68%

70%
60%
50%
40%
30%

26%

20%
6%

10%
0%
Less than 24 hours

24 to 48 hours

More than 48 hours

Figure 5.9. Participant responses regarding how long they believed Sargassum remained on the
beach before removal.
Participants were also asked if they had seen anyone cleaning Sargassum from the beaches.
Of the study participants, 87% had seen people cleaning brown seaweed from the beaches.
Participants were also asked if they knew where the Sargassum was disposed of after it was
removed from the beach. Of the study participants, 65% knew where the brown seaweed goes after
it is removed from the beach. Participants who knew where the brown seaweed was disposed of
after removal stated that it was either transported to the quarry on East End or driven in garbage
trucks to the George Town landfill for disposal. One respondent explained that resorts often
33

removed Sargassum to a location close to the resort to mix the Sargassum with sand to decompose
and then return to the beach to aid in beach erosion. Another respondent discussed how Sargassum
was mixed in with regular trash on the island to decompose.
Participants were also asked an open-ended question regarding how they believed
Sargassum made it over the barrier reef. Of the 26 respondents who answered this question, all
noted that it was a component of the current, the tide and the channel opening that enable the brown
seaweed to cross the barrier reef. This uniformity in response was unusual across the survey which
suggests that both tourists and residents alike are well versed in the flow patterns of the ocean.
Their perceptions of the impacts of objects, in this case the brown seaweed, are less universal.
Anecdotally, there were not many differences between participant and tourist responses.
This is attributed to that tourists who were interviewed often had a working relationship with the
water and were not a traditional beach-going tourist. This defies expectations because tourists
usually know less about local conditions. Tourists interviewed were often scuba divers or rental
property owners who had both a working relationship with the water as well as a monetary
attachment to the island. For these individuals they not only witnessed Sargassum, but also felt it’s
impacts on their trips to Grand Cayman. These tourists were also repeat tourists who had been to
Grand Cayman over five times over the course of their lives, further increasing their knowledge
about the impacts of Sargassum.
Limitations
Originally, the research goal was to determine if satellite imagery could detect Sargassum
along the coastline and shores of Grand Cayman. The research plan included travel to Grand
Cayman both during the high and low point of the Sargassum season. Research during the low
point (February-March) was to establish a baseline of participatory maps and surveys that could be
compared to the research conducted during the high point of the Sargassum season (July-August).
Satellite images were to be cloud free and taken within 10 days of the researcher’s arrival on Grand
Cayman. This protocol would have allowed the researcher to confirm with local experts if they had
seen Sargassum recently, as well as to provide visual confirmation while conducting research.
However, because of the Covid-19 pandemic, this two-step protocol was not possible, as Western
Michigan University prohibited all university-sponsored travel in response to the global pandemic.
Site surveys could not be conducted during the peak Sargassum season and thus serve as a
limitation to the study.
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With the knowledge of beaching events gained through satellite imagery and participatory
maps, the researcher aimed to also understand how tourists and residents of Grand Cayman felt that
Sargassum impacted their lives. Tourist and resident perceptions of impacts were solicited using
questionnaires and subsequent statistical analyses. Surveys of tourists and residents were to be
conducted in each of the districts to obtain a representative sample for each district for comparison.
Questionnaires were also to be compared between high and low season to determine the seasonality
of Sargassum on Grand Cayman. Again, due to pandemic travel limitations, the questionnaires did
not draw from a large enough sample to demonstrate any statistically significant results. Had there
been enough samples, a two-sample t test was to be conducted to determine if the differences in
means of the survey questions between high season and low season were significant. An analysis of
variance was also to be conducted to determine if there were differences in means of survey
questions between each district. If there were differences in means between each district, a Tukey’s
post hoc test was to be conducted to determine if the differences in means were significant. This
analysis could determine which district was most adversely impacted by Sargassum.
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CHAPTER VI
CONCLUSION

Can satellite imagery be used remotely to determine the presence and density of Sargassum
on Grand Cayman? Such a tool could be useful, particularly in researching the length of time
Sargassum beaching events remain before removal, determining which areas are most affected,
identifying the seasonality for preventative measures, preparing the tourism sector for handling
Sargassum as well as researching the environmental impacts of Sargassum beaching events. This
research poses a method that could be used effectively to determine the extent of Sargassum
beaching events on island nations across the Caribbean.
Satellite detection of Sargassum must be confirmed with local experts. All residents of
Grand Cayman live near the water. There is a single two-lane highway circumnavigating the island
that is constantly in view of the ocean and barrier reef, allowing residents to see and smell
Sargassum beaching events. To demonstrate the validity and reliability of Sargassum through
detection in satellite imagery, this study aimed to verify these images through visual confirmation
either by the researcher or local experts. Participatory mapping was the tool used to confirm if
either of the three satellite imagery analyses could detect Sargassum beaching events on Grand
Cayman. Participatory maps from the high and low season were intended to be compared to see
differences in the number of maps, as well as the frequency that Sargassum was mapped in certain
locations.
The results of this research demonstrate that remotely sensed imagery and the use of
satellite imagery analysis were effective at not giving false positives for the presence of Sargassum.
The MFAI proved to be heavily influenced by shallow coral reefs and kelp fields and should not be
used without visual confirmation of the presence of Sargassum. The CR2CC processor was
effective at not giving false positives for the presence of chlorophyll and total suspended matter at
the surface of the ocean. The participatory mapping identified areas that were consistent among the
18 respondents for the presence of Sargassum over the course of January and February of 2020.
Participatory mapping complements satellite imagery by offering a greater timeframe of knowledge
that goes beyond a single satellite image. Participatory mapping in conjunction with satellite
imagery allows for gaps in imagery to be complemented with local knowledge about spatial
phenomena. Surveys and semi-structured interviews complemented the satellite imagery analysis
and participatory mapping by asking respondents about their lived experiences with Sargassum.
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The questionnaires provided insights into how different individuals were affected by Sargassum on
Grand Cayman. These questionnaires also spoke to how long Sargassum remains on the beach
before removal, highlighting the potential for detrimental impacts on humans and the environment.
This multimethod approach provided an innovative approach for the detection of Sargassum as well
as highlighting local perceptions of Sargassum. The combination of satellite imagery, participatory
mapping and semi-structured interviews allowed for the research to use a more holistic and humancentered approach for the detection of Sargassum on Grand Cayman. This research can be used in
the future, beyond Grand Cayman, to combine satellite imagery, participatory mapping, and
ethnographic inquiry to examine spatial phenomena across the globe using a human centered
approach. This approach allows geography to use participatory mapping to validate novel and
untested methods of satellite imagery analysis for the detection of Sargassum.
Future Research
With the Covid-19 pandemic there was no chance to collect a large enough sample size,
either in person or remotely. Although the concept and method were not sufficiently tested, in the
future these methods could be used effectively to determine the actual and perceived spatial
variation of Sargassum across the Caribbean using satellite imagery analysis, participatory
mapping, and semi-structured interviews. These methods can be utilized in future research to
combine qualitative methodology with remote sensing. These qualitative methods can be used to
validate new methods of satellite detection of Sargassum in coastal areas. Beyond Sargassum, these
methods can also be applied to other temporal spatial phenomena such as coral bleaching events,
natural disasters, plant phenological cycles and deforestation.
In sharing survey instruments, there were numerous issues with literacy. Some potential
respondents did not understand the questionnaire and were unable to participate in the study. The
map also took coaching and preparation. The researcher had to assist study participants with spatial
orientation. A paper map might not always work. The map used throughout the survey period also
proved to be inconsistently effective in its design. Individuals had issues with the spatial scale and
identifying exactly where they were on the map relative to the towns chosen to be placed on the
map. In the future, a digital map would be effective in allowing participants to navigate and orient
themselves using different spatial scales. However, with varying access to Wi-Fi and cellular
service, research in the Caribbean region might not always benefit from a digital map. Towns and
municipalities were also ineffective for orientation. Research found that most individuals identified
locations based on restaurants or resorts. In the future, site research should be conducted to
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determine relevant points of interest for spatial orientation to be included with the map rather than
using towns or municipalities.
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Appendix A
Survey Questions
Grand Cayman Resident Questionnaire:
1. When did you first see the brown seaweed on Grand Cayman? __________________________
2. What year has had the most seaweed washing up on the beaches? ________________________
3. Had you ever seen brown seaweed before 2010? ( ) Yes

( ) No

To what extent do you agree or disagree with the following statements?
4. The brown seaweed a problem for… (circle one for each)
Strongly Disagree

Neutral

Strongly Agree

A. Diving

1

2

3

4

5

B. Fishing

1

2

3

4

5

C. Beach Access

1

2

3

4

5

D. Restaurants

1

2

3

4

5

E. Tourism

1

2

3

4

5

F. Coral Reefs

1

2

3

4

5

4

5

5. The brown seaweed has negatively impacted my life… (circle one)
1

2

3

6. How does the brown seaweed make it past the barrier reef?
_______________________________________________________________________________
7. How long does the brown seaweed remain on the beaches before it is cleaned up? (Mark one)
( ) Less than 24 hours

( ) 24 - 48 hours

( ) More than 48 hours

8. I have seen people cleaning brown seaweed from the beach. ( ) Yes

( ) No

9. Do you know where the brown seaweed goes after it has been removed from the beach?
( ) Yes ( ) No
Demographic Information:
10. District of residence: ( ) West Bay ( ) George Town ( ) Bodden Town ( ) North Side ( )
East End
11. Age: _________________
12. Gender:

( ) Male

( ) Female

( ) Other

13. Education:
( ) Primary School ( ) High School ( ) Some college ( ) College Degree
14. Occupation
(

) Housekeeping

( ) Watersports

( ) Professional Diver

( ) Maintenance

( ) Server / Bartender

( ) Concierge

( ) Fisherman

( ) Tour Guide

( ) Other, please specify: _______________________________
The next page has a map of Grand Cayman. On the map I would like you to highlight the area(s)
you have seen the brown seaweed so far in 2020.
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Tourist Questionnaire:
1. When did you first see the brown seaweed on Grand Cayman? __________________________
2. What year has had the most seaweed washing up on the beaches? ________________________
3. Had you ever seen brown seaweed before 2010? ( ) Yes

( ) No

To what extent do you agree or disagree with the following statements?
4. The brown seaweed a problem for… (circle one for each)
Strongly Disagree

Neutral

Strongly Agree

A. Diving

1

2

3

4

5

B. Fishing

1

2

3

4

5

C. Beach Access

1

2

3

4

5

D. Restaurants

1

2

3

4

5

E. Tourism

1

2

3

4

5

F. Coral Reefs

1

2

3

4

5

5. I have had to change my travel plans because of the brown seaweed… (circle one)
1

2

3

4

5

6. How does the brown seaweed make it past the barrier reef?
___________________________________________________________________________
7. How long does the brown seaweed remain on the beaches before it is cleaned up? (Mark one)
( ) Less than 24 hours

( ) 24 - 48 hours

( ) More than 48 hours

8. I have seen people cleaning brown seaweed from the beaches ( ) Yes

( ) No

9. Do you know where the brown seaweed goes after it has been removed from the beach?
( ) Yes ( ) No
10. What attracts you to the Cayman Islands?
______________________________________________
11. When did you first travel to the Cayman Islands?
________________________________________
Demographic Information
12. What district of Grand Cayman do you stay in? (circle one)
( ) West Bay ( ) George Town ( ) Bodden Town ( ) North Side ( ) East End
13. Age: ______
14. Gender:

( ) Male

( ) Female

( ) Other

15. Education:
( ) Primary School ( ) High School ( ) Some college ( ) College Degree

The next page has a map of Grand Cayman. On the map I would like you to highlight the area(s)
you have seen the brown seaweed so far in 2020.

40

Appendix B
Participatory Map

41

Appendix C
HSIRB Approval Letter

MICHIGAN UNI
Institutional Review Board
FWA00007042
IRB00000254

Date: January 29, 2020
To:

Nicholas Padilla, Principal Investigator
Graeme Timmeney, Student Investig 3/or for thesis

From: Amy Naugle, Ph.D., C
Re:

IRB Project Number 20-01-39

This letter will serve as confirmation that your research project titled "A Mixed Methods
Analysis of the Spatiotemporal Distribution of Sargassum on Grand Cayman" has been
approved under the expedited category of review by the Western Michigan University
Institutional Review Board (IRB). The conditions and duration of this approval are
specified in the policies of Western Michigan University. You may now begin to
implement the research as described in the application.
Please note: This research may only be conducted exactly in the form it was approved.
You must seek specific board approval for any changes to this project (e.g., add an
investigator, increase number of subjects beyond the number stated in your
application, etc.). Failure to obtain approval for changes will result in a protocol
deviation.
In addition, if there are any unanticipated adverse reactions or unanticipated events
associated with the conduct of this research, you should immediately suspend the project
and contact the Chair of the IRB for consultation.
The Board wishes you success in the pursuit of your research goals.
A status report is required on or prior to (no more than 30 days) January 28, 2021
and each year thereafter until closing of the study.
When this study closes, submit the required Final Report found at
https://w
n.edu/research/ forms.
Note: All research data must be kept in a secure location on the WMU campus
for at least three (3) years after the study closes.

Office of the Vice Pres ident for Research
Western Michigan University
1903 W. Michigan Ave., Kalamazoo , Ml 49008-5456
PHONE: (269) 387-8293 FAX: (269) 387-8276
WEBSITE, wmich.edu/research/compliance/hsirb
CAMPU S SITE: Room

42

251 W. Walwood Hall

Appendix D
INFORMED CONSENT FORM

IRB Approved

Western Michigan University
Department of Geography

Principal
Investigator: Nicholas
Padilla
Student Investigator:
Graeme Timmeney
Title of Study: A mixed methods analysis of the spatiotemporal
distribution ofSargassumon Grand Cayman
STUDY SUMMARY: This consent form is part of an informed consent process for a research
study and it will provide information that will help you decide whether you want to take part in
this study. Participation in this study is completely voluntary. The purpose of the research is to:
identify the spatio-temporal variation and perception of Sargassum on Grand Cayman and will
serve as Graeme Timmeney thesis for the requirements of the Master of Science in Geography.
If you take part in the research, you will be asked to answer a short survey about your
experiences with Sargassum as well as draw on a map of Grand Cayman and the surrounding
barrier reef where you have seen Sargassum. Your time in the study will take 20 minutes to
complete a survey and draw on a map. Possible risk and costs to you for taking part in the study
may be taking time from your day to complete a survey and there are no direct benefits to
participate. Your alternative to taking part in the research study is not to take part in it.
You are invited to participate in this research project titled "A mixed methods analysis of the
spatiotemporal distribution of Sargassum on Grand Cayman" and the following information in
this consent form will provide more detail about the research study. Please ask any questions if
you need more clarification and to assist you in deciding if you wish to participate in the research
study. You are not giving up any of your legal rights by agreeing to take part in this research or
by signing this consent form. After all of your questions have been answered and the consent
document reviewed, if you decide to participate in this study, you will be asked to sign this
consent form.
What are we trying to find out in this study?
This study is trying to find out if Sargassum can be found in satellite imagery in a coastal area
and if the presence of Sargassum can be confirmed using participatory mapping. This study is
also trying to find out if Sargassum has the same season on Grand Cayman as seen in earlier
research across the Greater Atlantic and if Sargassum is a new problem for individuals on
Grand Cayman.
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Who can participate in this study?
Any resident of Grand Cayman over the age of 18 may participate in this study. Tourists over
18visiting Grand Cayman in 2020 who have previously travelled to Grand Cayman prior to
2020 will also be considered in the study. Any individual who is younger than 18 will not be
included in the study. The assessment of participants inclusionary criteria will happen during the
initial contact. The researcher will ask potential participants if they are over 18 years of age
and whether they are a Caymanian resident. If the individual is a tourist, the researcher will
ask them if this is their first time to Grand Cayman. Individuals who are visiting Grand
Cayman for the first time and individuals who are under 18 will not be included in the study.
Where will this study take place?
The study and data collection will take place on public beaches, public parks and public docks on
Grand Cayman.
What is the time commitment for participating in this study?
This study will take approximately 20 minutes.
What will you be asked to do if you choose to participate in this study?
If you choose to participate in the study you will be asked to complete a short survey and
draw on a map.
What information is being measured during the study?
This section will describe the measurements that we are going to take during your
participationin the study. The information collected from the survey will be used to determine if
there are different perceptions about Sargassum between different areas of the island and
between differing demographics. The information collected from the map will be used to
determine if areas that have a presence of Sargassum in satellite imagery are the same as an
overlay of all participant maps.
What are the risks of participating in this study and how will these risks be minimized?
There are minimal risks for participating in this study.
What are the benefits of participating in this study?
There are no direct benefits for participating in this study.
Are there any costs associated with participating in this study?
There are no costs associated with participating in this study.
Is there any compensation for participating in this study?
There is no compensation for participating in this study.
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Who will have access to the information collected during this study?
Only the principle investigator and the student researcher will have access to the
information collected during this study.
What will happen to my information or biospecimens collected for this research
after thestudy is over?
The information collected about you for this research will not be used by or distributed to
investigators for other research.
What if you want to stop participating in this study?
You can choose to stop participating in the study at anytime for any reason. You will
not suffer any prejudice or penalty by your decision to stop your participation. You
will experience NO consequences either academically or personally if you choose to
withdraw from this study.
The investigator can also decide to stop your participation in the study without your
consent.
Should you have any questions prior to or during the study, you can contact Nicholas Padilla at
Western Michigan University at 269.387.0704 or Nicholas.Padilla nicholas.padilla@wmich.edu
or the Graeme Timmeney at Western Michigan University at 269.330.0712 or
Graeme.m.timmeney@wmich.edu. You may also contact the Chair, Institutional Review Board
at 269-387-8293 or the Vice President for Research at 269-387-8298 if questions arise during
thecourse of the study.
This consent document has been approved for use for one year by the Western Michigan
University Institutional Review Board (WMU IRB) as indicated by the stamped date and
signature of the board chair in the upper right corner. Do not participate in this study if the
stamped date is older than one year.

I have read this informed consent document. The risks and benefits have been explained to me.
Iagree to take part in this study.
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Please Print Your Name

Participant's Signature

Date
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